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ABSTRACT
HANFORD NUCLEAR SITE CULTURAL RESOURCE GIS ANALYSIS: A CASE STUDY
INVESTIGATING PRE-CONTACT TRAVEL NETWORKS AND SITE AND ARTIFACT
LOCATIONS
by
Luciana Rose Chester
February 2022
This thesis uses Global Information Systems (GIS) to investigate travel networks and site
locations on the Hanford Nuclear Site. I construct a spatially referenced base map of historical
travel routes, compare amounts of areas with and without archaeological survey, and analyze the
location of archaeological sites. Government Land Office maps (GLO’s) mapped trails
between1860’s and 1890’s. GIS analysis helps calculate relative frequencies and the densities of
site and artifact types within 2 km buffers along the Columbia River corridor and trails.
Collaboration between agencies and tribes facilitates consultation on all matters related to
Hanford, and shared management of data covering traditional and contemporary practices. This
study was inspired by my work within the Yakama Nation Environmental Restoration and Waste
Management (ERWM) program. By providing analysis of site use through detailed classification
of site types and artifact types, I hope to raise awareness of the importance of Hanford to native
peoples and improve resource co-management.
Hanford Site archaeological surveys have been completed under National Historic
Preservation Act (section106 and 110) requirements. The Hanford site consists of a total of 1517
square kilometers and approximately 494 square kilometers have been surveyed. There are 2,263
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cultural sites across the Hanford landscape. Precontact site (n=1,022) and artifact types were
mapped and tabulated into categories and their frequencies were used in the contingency tables.
Results indicate the Residential/Non-Residential and Rock Cairn site types, and the
Projectile Point/Biface and Debitage/Flakes artifact types are associated with the Columbia River
and/or trails. The distributions of site and artifact types raise several questions and lead to
recommendations for additional survey coverage. GIS data management and analysis combined
with future survey will improve understanding of past land uses and what types of activities drew
people away from the river and along trails crossing the interior of the Hanford Reach.
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CHAPTER I
INTRODUCTION
Problem
Hanford Nuclear Site landscapes are comprised of interesting combinations of cultural
resources that represent precontact, contact, and historic cultural adaptations and technologies.
The 586 square mile Hanford Nuclear Site in Washington State is situated at the geographic
center of the Columbia Plateau region just upstream from the confluence of the Snake and
Columbia Rivers. This land was acquired by the federal government in 1943 to construct a series
of facilities to produce the weapons needed in the effort to end World War II (US Department of
Energy 2002).
The Columbia River, upon which the Native Americans lived and depended, also
attracted the United States War Department. Native Americans used the river for subsistence and
travel and the War Department depended on its massive flow to cool the nuclear reactors
producing materials used in the atom bomb (Rice 1980; US Department of Energy 2002).
The Hanford Nuclear Site includes three major cultural components. (1) The most
notable of these components is the WWII through Cold War eras (U.S. Department of Energy
2002). It is the cultural component with the largest physical footprint as evidenced by built
environment. (2) Prior to WWII, a euromerican settlement existed consisting of farmers and
ranchers (Sharpe 1999). The settler component has not completely disappeared from the
landscape as there are still structures, fence lines and artifacts from that time. (3) There is a precontact cultural component to the Hanford Site. The pre-contact period accounts for
approximately 45% of the recorded historic and archaeological properties on the Hanford Site.
1

However, due to the minimal footprint native people leave behind, it may seem as though their
presence and use of the land has not been as well recognized.
While there is considerable documentation of pre-contact cultural resources (Rice
1973,1980), we do not have a comprehensive analysis of pre-contact land-use especially in areas
within the interior of the Hanford Site. Historic maps depict foot trails within the Hanford Site
landscape. However, to date, research and analysis has not been conducted to determine the
significance of these historic trails on the pre-contact cultural narrative of the Hanford Site. A
better understanding of the use of historic trails within the interior landscape will provide
information about what people were doing, what resources were available, and add to the overall
cultural narrative of the Hanford Site landscape.
In 1976, the Department of Energy (DOE) began looking at the Hanford Site as a
potential international repository for the nuclear waste. Having dubbed it the entire area a
“Sacrifice Zone,” DOE was convinced Hanford would be a prime location for such activities.
Russell Jim, Yakama Nation tribal member caught word of this talk and a meeting taking place
to discuss the repository and decided to attend. The meeting was held in 1977 with DOE, Army
Corps of Engineers, state representatives and representatives from other federal agencies (Jim
2015). At the conclusion of this meeting, Jim decided to get involved. Between the years of
1977-78, he testified before congress on the issue of nuclear waste. He began working with
congressmen and eventually contributed to the legislation that wrote the Nuclear Waste Policy
Act of 1982 (NWPA) in place. As part of his contribution to the legislation, Jim insisted
provisions be written into the law to ensure the participation of tribes in future discussions and
decisions regarding the NWPA (Jim 2015). The specific language allowed for tribes to apply for
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“Affected Tribe” status in areas where nuclear waste and/or activities directly affected the
homelands of area tribes (De La Torre III 2015).
The documentation and analysis of cultural sites, landscapes, and Traditional Cultural
Properties has grown through the continued development of cultural resource management
programs on the Hanford Nuclear Site. As part of the Nuclear Waste Policy Act (NWPA) of
1982, Native American Tribes were afforded the opportunity to apply for “Affected Tribe” status
to be recognized as consulting parties and participants in the decisions regarding site selection,
site characterization and waste management as applicable to their ancestral lands.
Since the enactment of the NWPA, The Confederated Tribes and Bands of the Yakama
Nation, Confederated Tribes of the Umatilla Indian Reservation, and The Nez Perce Tribe have
applied and been recognized as affected tribes by Department of Energy regarding Hanford
operations. In addition to the tribes listed above, the Wanapum Band, although not a federally
recognized tribe has been given special consideration and consulting party status through the
Section 106 process. Over a span of 30 plus years, these tribes have developed their own
programs to facilitate their participation and involvement in Hanford issues. These issues include
cultural resource management and extend to issues of natural resource damage, contamination,
and cleanup efforts on the Hanford Nuclear Site.
Collaboration with Department of Energy, United States Fish and Wildlife Service,
Bonneville Power Administration, and Pacific Northwest Science Office, have allowed tribes to
partake in information sharing and input on all matters related to Hanford as well as collect and
track both cultural and non-cultural data to build their own informational databases to fully
consult on project development and management practices taking place on the Hanford Nuclear
Site and thus protect their traditional cultural landscapes.
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Because some of the results of this study show general areas of site locations, several
maps are included in Appendix A. These maps are not included in the public release of this
thesis due to cultural and traditional confidentiality requirements. Examples of appendix maps
can be requested directly from Luciana R Chester at Yakama Nation Environmental Restoration
and Waste Management (ERWM) program subject to approval.

Purpose and Objectives
The purpose of this thesis is to analyze the physical and digital archaeological record to
advance our knowledge of the pre-contact land use at Hanford. Historic maps and the existing
archaeological record indicate the heavy use of this landscape by Native Americans. Much of the
archaeological work and interpretation on Hanford has been focused along the river corridor and
an extensive narrative of native land use has emerged (Rice 1980). What is less known is how
the documented trail system was used and is represented by the associated archaeological
record? This thesis will focus on the use of the trail system to address the following questions:
1) How can the archaeological record advance our knowledge of the pre-contact cultural
land use on the Hanford Site? Can survey, site, and artifact data of the Hanford Site be
organized and analyzed using GIS?
2) Where are specific site types and artifact types located in relation to documented travel
routes along the river and across trails on the Hanford Site?
3) Is there a non-random spatial relationship between site types and artifact types and their
proximity to historic travel routes on the river and across trails? How are these datatravel-routes represented in surveyed and non-surveyed areas of the Hanford Site?
Given the stated purpose of this thesis, the specific objectives are:
4

1) Evaluate the archaeological record to identify surveyed and non-surveyed areas of the
Hanford Site and classify site types and artifact types in these areas.
Survey and inventory projects maps are reviewed. Archaeological data are evaluated
using agency and tribal managed cultural resource GIS data, and as needed compared to
the Washington State Department of Archaeology and Historic Preservation (DAHP)
WISAARD database. This provides details about each site and site location. Once
specific site types are classified, the artifact type is used to classify into artifact type
locations based on artifact function.
2) Construct a spatially referenced historic base map depicting travel routes and determine
the location of site types and artifacts in relation to historic travel routes. GLO maps for
each township and range within the Hanford Site are spatially referenced using GIS
georeferencing. The river and trail features were digitally drawn to give precise locational
data to be used for spatial analysis.
3) Estimate spatial areas of survey and non-survey areas, and frequencies of site types and
artifact types within 2 km buffers (1 km on each side of the landscape feature) of travel
features on historic maps. Spatial analysis within GIS is used to calculate frequencies for
each site type and artifact type. The Fisher’s Exact calculation was used to determine the
significance of specific site types and artifact types and their proximity to pre-contact
travel routes. Although, as I discuss later, much of the sample sizes are not large enough
to justify statistical inferences.
4) To supplement analysis of overall low site and artifacts frequencies, site type densities
are also calculated by tallying the number of each site type within the 2 km buffers along
the river and trails. Examining site densities for survey and non-survey areas near rivers
5

and trails and away from rivers and trails helps account for differential survey coverage.
This allows for the examination of the relationship of each site type with trails segments
near the Columbia River.

Significance
This research is significant on three levels. First, the analysis of the archaeological
record helps advance our knowledge of the cultural landscape of the Hanford Reach. The
river corridor is well documented, and its land uses are well known, however, the use of
the land further into the interior of the Hanford Site are well documented, but the
narrative of that use is not fully understood.
Second, by providing analysis of site use through detailed classification of site
types and artifact types, we cannot only have a better understanding of the importance of
the Hanford site to native peoples, but also use this data to develop better management
practices to protect these resources.
Third, the methods and techniques used in this analysis may provide a useful
framework for analysis for future work at Hanford as well as surrounding areas where
pre-contact land use may not be as well known.
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CHAPTER II
LITERATURE REVIEW
I organize this chapter into five sections by: 1) outlining the archaeology of the Columbia
Plateau, 2) describing the theoretical framework of landscape archaeology, 3) reviewing the use
of GIS in addressing archaeological questions, 4) introducing the use of GIS in travel corridor
analysis of historical trails, and 5) summarizing previous archaeological work conducted on the
Hanford site.

Columbia Plateau Archaeology. The Columbia Plateau has seen continuous human
occupation for thousands of years. The earliest occupations are evidenced in multiple sites
located in caves and rock shelters throughout the Plateau (Ames 1998). The archaeological
record indicates that people may have occupied the Pacific Northwest as early as 14,000 years
BP (Ames et al 1998, Chatters et al. 2012; Davis et al. 2020; Jenkins et al. 2012). However,
within the central Columbia Basin, the archaeological evidence is not yet sufficient to extend
beyond about 11,000 years BP.
Solimano and Gilmour (2014) conducted an important study to better characterize precontact settlement within the Columbia Plateau. Although their study area lies south of the
Hanford site, the phases and historical context is very much the same, through their study, they
formulated site definitions to help emphasize the development of more intensive settlement
during the Cayuse/Harder phase. Table 1 outlines sets of names for Middle Columbia River and
Snake River (in parentheses) sequences. Both sets apply on the Hanford site.
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Table 1. Cultural historical phases of the Columbia Plateau (Ames 1998).
Years B.P.

Description of Culture Historical Phases & Periods

250-Present

Historic Period - Introduction of the horse, non-indigenous diseases, and EuroAmerican technology led to major cultural change. Settlement patterns
changed due to the need to pasture horses and the ability horses provided for
long-distance transportation. Diseases brought about significant population
collapse. Euro-Americans settle in the region.

2,500-250

Cayuse (Harder) Phase - Population concentrated in large, nucleated winter pithouse villages. People dispersed in spring to gather roots and in the fall and
winter to hunt. The seasonal round became increasingly diverse and well
organized over time. Use of highland areas greatly increased during this
period. Trade with coastal and interior groups also became increasingly
common.

4,500-2,500

Frenchman Springs (Tucannon) Phase - Appearance of semi-subterranean
houses and more specialized camps for hunting, root collecting, and plant
processing (Chatters 1986). Several types of contracting-stemmed and splitstemmed, corner-removed points dominate (Nelson 1969). Many have argued
for that the ethnographically observed “Plateau Culture” had emerged by the
end of the phase.

8,000-4,500

Vantage (Cascade) Phase - Characterized by mobile opportunistic foragers
primarily adapted to riverine environments (Chatters 1986, Galm et al. 1985).
Increasing reliance on fish. Sites are located along drainage margins and
projectile points are typically leaf-shaped (Cascade) and large side-notched
(Nelson 1969).

10,500-8,000

Windust Phase - Characterized by small, mobile bands of foragers/collectors
exploiting a wide range of resources using a seasonal settlement system
(Chatters 1986). Sites are generally small and exhibit low artifact densities.
Large shouldered or basal notched lanceolate projectile points are diagnostic
(Rice 1972).

12,000-10,500 Clovis Horizon - Characterized by small, mobile bands of hunter-gatherers that
exploited a wide range of subsistence resources, including bison and elk.
Sites are small, exhibit low artifact densities, and are associated with early
landforms, particularly upland plateaus. Large lanceolate, fluted projectile
points (e.g., Clovis points) are diagnostic.
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Landscape Archaeology. The concept of landscape archaeology began in the early 19th
century in Europe (Parcero-Oubiña et al. 2014). The idea developed out of the geography
discipline. Early geographers began stressing the importance of analyzing the relationship of
people to the land and they did this through the study of hard copy maps, aerial photography, and
documentation of visible structures on the land. Through these materials they attempted to
reconstruct past social structures that created the material record (Parcero-Oubiña et al. 2014).
From this early concept, the idea of cultural geography emerged. Cultural geography is said to
have begun in British and American contexts (Parcero-Oubiña et al. 2014). Unlike early
landscape archaeology, cultural geography focused more on the role of understanding the
archaeological record in the context of space. This theoretical framework was used up to around
the mid-20th century (Turner et al. 2018).
Between the 1960’s and 1970’s, a newer theoretical framework was coming into focus.
This is the concept of processual archaeology. The goal of processual archaeology was to take a
more scientific approach using scientific theories to build models (Turner et al. 2018).
Excavation methods ranged from small to large scale, depending on the area, and focused on
piecing together past human activity across landscapes through the identification of artifacts
and/or ecofacts discovered. Excavation allowed for the analysis of cultural materials over both
time and space (Turner et al. 2018). Processual archaeology eventually evolved towards the idea
of more quantitative methods to explain past land use across time and space. Traditional
excavation and analysis methods were used to address archaeological scientific problems and
questions until the development of Geographic Information Systems (GIS) in the early 1980s.
While traditional methods are still used to some extent today, GIS has become an important tool
in analyzing landscape phenomena across time and space (Turner et al. 2018).
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Use of GIS in Archaeology. The use of GIS has become very popular in the discipline of
archaeology, especially since it has become widely available to anyone. The power of GIS as a
tool is infinite. What makes GIS so powerful is its ability to analyze multiple variables at one
time (Hu 2011). This means that the defined physical characteristics of a landscape such as
topography, hydrology, geology, can be combined with cultural variables to answer very
complex questions about human interactions with their environment (Hu 2011). Before the
invention of GIS, combining these variables was very difficult if not impossible to do. GIS has
allowed us to ask very specific questions about human interactions with the environment and
compute potentially meaningful answers.
Hu has pointed out that there are two typical ways people look at landscape archaeology
using GIS as a tool. One is on a scientific/abstract level and the other is on a humanized level.
The scientific/abstract level is purely quantitative. While the humanized level is more qualitative
(Hu 2011). The scientific/abstract definition is based on absolute characteristics/variables of the
landscape, that is elements of the landscape that are static or do not change. On the other hand,
the humanized definition of landscape is based on the contexts of human interaction and
experience on the landscape (Hu 2011). According to Hu, archaeologists using GIS methods and
techniques tend to use a combination of these two definitions to address their questions. The
benefit of combining the definitions of both create a more holistic approach to landscape
archaeology (Hu 2011).
The benefits of using GIS in addressing archaeological problems and landscape
archaeology questions are numerous, however, there are some pitfalls associated with using GIS
as a tool in archaeological investigation. (Howey and Burg 2017). Howey and Burg outline three
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main themes that present issues with using GIS to answer landscape archaeology questions. First,
there is the problem of how to design geospatial models to define the connection between people
and the environment. GIS can compute relationships between variables, but it cannot interpret
the experiences of people with the land (Howey and Burg 2017).
Second, is the issue of addressing data biases, limitations, and uncertainty. With the
computing power of GIS, it can be easy for a user to accept the results of computation at face
value without considering other factors such as possible user error or data inconsistencies, not to
mention possibly unaddressed assumptions. GIS can only provide an estimation of artifact
density on the landscape. It is up to users to interpret those estimations keeping in mind there
may be additional social variables, not computed in GIS that have affected past human behavior
on the landscape (Howey and Burg 2017).
Lastly, there is the idea of viewing GIS as more of an ongoing process and not just a
static tool for computing. Howey and Burg (2017) and Lock et al. (2014) have argued the
importance of spatial analysis contextualized within the bounds of archaeological, historic, and
ethnographic data of place. For spatial analysis of the landscape to be meaningful, it must be
more directly tied to the history of the people.

Travel Corridor Analysis using GIS. There are multiple ways to quantify and qualify the
use of certain travel corridors in an archaeological context. Other researchers such as (Howey
2007; Gustas and Supernant 2019) have used GIS to create predictive models to attempt to
indicate not only how and when certain paths were used, but also why certain paths were used.
To do this, they create least-cost path models. Least-cost models take into consideration multiple
variables such as land topography, hydrology, and other natural resources to calculate the most
cost-effective ways to get from one point to another on the landscape. The definition of cost in
11

this application is typically time and caloric energy expended to reach one point from another
(Whitely and Hicks 2003). In the Piedmont study, Whitely and Hicks used the least cost method
to create a predictive model to evaluate least cost paths of a series of known trails or paths
documented on historical maps. Their goal in the study was not to answer specific archaeological
or landscape archaeology questions, but simply to explore the idea of this type of model in
answering future questions about landscape archaeology (Whitley and Hicks 2003). They admit
that their model was very basic in that they did not take into consideration surface elevation
changes of newly created lakes in the area, and they did not take into consideration any specific
resources as explanations for any path leading anywhere within the study area. This was simply a
test case of the model in its most basic form (Whitley and Hicks 2003).

Hanford Land Use. Hanford land use could be divided into many occupation categories.
This thesis will be divided into three distinct categories: Pre-Contact, Settlement and Manhattan
Project. These occupation categories will be discussed in chronological order.

Pre-Contact Land Use. Occupation of the Hanford Site landscape dates back thousands
of years. Table 2 outlines cultural periods divided into archaeological phases. Early occupation
of the Plateau consisted of small mobile groups utilizing specific resources returning repeatedly
to known locations (Chatters et al. 2010). During the Vantage/Cascade Phase seasonal settlement
became focused on the rivers and special site use became more generalized. By the
Cayuse/Harder Phase more sedentary riverine settlement developed and numerous sites with
house features were established along portions of the Columbia River and along the Hanford
Reach between 3,000 and 500 years ago (Rice 1973). Dispersed village settlement continued
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until treaty pressures in the 1850s forced native people onto reservations. However, settlement,
as well as native land and river use continued until the U.S. government Manhattan Project
forced everyone out in 1943 (Sanger 1995).

Contact and Pioneer Land Use. The Lewis and Clark expedition was the first non-native
party to explore the area between the years of 1805 and 1806. Since the initial introduction of
non-native people to the area, a constant influx of non-natives found their way into the area in
the early 1900s (Rice 1980). During the 1840s the area saw the introduction of both missionary
groups and gold miners. Shortly after the signing of the treaties, the area saw a large influx of
farmers and ranchers moving into the area once native people were removed to reservations. The
Hanford lands were settled with ranches and fruit orchards. These populations existed in the area
until the U.S. government forced the foreclosure of the homesteads for its own acquisition in
1943 (Rice 1980).

Manhattan Project Land Use. In 1942, the U.S. government began searching for land
suitable to produce nuclear weapons as part of the WWII war effort. Colonel Franklin T.
Matthias was tasked with finding an ideal location for an installation of this type. The ideal
location would have adequate access to power, fresh water and lack a sizable human population.
Locations in California and Colorado were scouted for this purpose, but none met all the
requirements for the project. While returning from California, Matthias flew over the Hanford
area and immediately earmarked it as an ideal location for the project. He returned to
Washington D.C. informed his superiors he had found the best location and plans were put in
place to prepare the Hanford area for plant construction and production (Sanger 1995).
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In March of 1943, the small population living and working the land were informed they
had to move off the land. The farmers and ranchers begrudgingly sold their land and left the area.
Construction of the various production facilities began almost immediately and as one population
moved out another moved in. Hanford Engineer Works became a boom town overnight with
upwards of 50,000 workers living and working on the site (Sanger 1995). Since 1943, the
Hanford site has been closed to the public. It remains that way today. While there is no longer
nuclear production taking place at the site, the U.S. Department of Energy (DOE) has been
tasked with the cleanup of contamination caused by years of nuclear production (US DOE 2002).
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CHAPTER III
STUDY AREA
Geology and Landforms
The Hanford Nuclear Site is 1517 sq km area situated within the Columbia Basin
Province. The Columbia Basin Province covers an extensive area south of the Columbia River
between the Cascade Range and Blue Mountains in Oregon and roughly two-thirds of the area
east of the Cascades in Washington. Franklin and Dyrness (1988) provide a very comprehensive
overview of the Geology and Topography of this area (Franklin and Dyrness 1988). The
topography of the area varies from very gently to moderate rolling hills. Steep slopes are rare,
but some exist as isolated basaltic buttes or canyons cut by major rivers. Most of the area rises
between 300-600 meters above sea level, however elevations near the Columbia River are
generally less than 150 meters. Figure 1 illustrates the location of the study area within the
Columbia Basin.

Figure 1. Map of Hanford Site study area.
15

The major geologic events that have shaped this landscape began during the Miocene
epoch which consisted of multiple lava flows that constitute the Columbia River Basalt
formation. These basalt layers stretch over 500,000 kilometers extending into parts of Oregon
and Idaho. During the Pleistocene epoch deformation of the Columbia River basalt created hills
and ridges that are present on the landscape today (Franklin and Dyrness 1988).
Fecht (et al. 2004) outline major landforms of the Pasco Basin as follow: (1) Miocene
structural uplift forms basaltic ridges of the Yakima Fold Belt, traces of which are exposed in the
interior of the Hanford Site; (2) Late Pliocene Ringold surfaces formed by basin-wide sediment
aggradation (Clearwater-Salmon and Yakima Rivers); (3) Glaciofluvial cataclysmic flood
surface from periodic glacial outburst floods during the Pleistocene (Missoula Lake Floods) and
related sand-dominated facies and gravel-dominated flood bars and landslides; (4) Late
Pleistocene multichannel, braided alluvial deposits; and 5) Holocene eolian sand dunes in the
interior of the Hanford Site and colluvial debris and slope wash on the western edges of the
Hanford Site.
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A 50 mile (80 km) stretch of the Columbia River flows through the long Hanford Reach.
This stretch is the only section of the middle and lower Columbia River that is not under
reservoir waters. Fecht and others (Fecht et al. 2004) identify two high Pleistocene terraces (P-x,
P-1) (see Figure 2). Six Holocene terraces have been mapped: (H-1 below P1) to the shoreline
(H-6). These Holocene terraces down-cut differentially depending upon the amount of water
available to the system (Figure 2). Mid- to Late-Holocene terraces (H-3, H-4) have the bestpreserved settlement use, but are often narrow due to rapid downcutting (Fecht et al. 2004).

Figure 2. Columbia terrace system (Fecht and Marceau 2006).

Radiocarbon Chronology
Marceau and Fecht (Fecht and Marceau 2006) have complied samples and records for
total of 183 radiocarbon dates (uncalibrated) for the Hanford Reach for sites on the Columbia
River an inland area. They obtained most samples and dates to study river movement and
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downcutting (see Fecht et al. 2004; Fecht and Marceau 2006). Some 108 (59.0%) of these dates
are from charcoal, bone, shell excavated from archaeological sites. Age estimates range from
9360 ± 60 B.P. to 30 ± 50 B.P. Non cultural samples date back to 15330 ± 60 B.P.
Marceau and Fecht (2006) sample give the impression that the Hanford Reach was heavily
settled after 3000 B.P. They illustrate steady increase in the number of dates by 1,000-year
intervals, and these trends parallel Plateau wide trends reported by Ames (1999).

Climate
The Pacific Northwest National Laboratory (Cushing 1992) describes the climate of the
Hanford region in its NEPA characterization from 1992. The Hanford Site lies within the
semiarid shrub-steppe Pasco Basin of the Columbia Plateau in south central Washington State.
Its arid characterization is owed to the fact that it receives on average, around seven inches of
rain annually. The thirty-year average of rain reached upwards of ten inches with November
recording the highest average at 1.4 inches. In addition to rain, the area has been known to
receive a fair amount of snow, however, due to climatic shifts has not received much over the
last decade. Conversely, summers in this region are extremely hot and dry. The 30-year average
indicates an annual precipitation range between 0.59 and 0.32 inches between the months of June
and August respectively (Cushing 1992).

Flora
The geography and topography of the Hanford site lends itself to support a variety of
different vegetation types. Overall, it is characterized as a shrub-steppe environment. Shrubsteppe environments typically consist of large species of sagebrush and various species of bunch
grasses. Some of the most important plants to the natives are described in Eugene Hunn’s (2004)
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book Nch’i-Wána. Bitterroot, Camas, Cous, and Indian potatoes are important root species to the
natives. (Hunn 2001:172-178). Much of the Hanford site is classified as shrub-steppe; however,
a large portion of the site is bordered by the Columbia River. So, in addition to shrub-steppe
vegetation, the Hanford site also includes a riparian environment rich in vegetation as well as
wildlife.
Fauna
The Hanford Site is home to nearly 300 species of animals. These animals are distributed
widely throughout the area. Throughout the shrub-steppe and grassland areas; elk, deer, and
coyote have been observed. In additions, there are quite a few species of small mammals such as
Townsend’s ground squirrels, mice, rabbits, and badgers. There are approximately 258 species of
birds that have been documented as well. The riparian areas provide habitat for a variety of
amphibian and reptilian species as well as ground nesting birds (Cushing 1992).
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CHAPTER IV
METHODS
The Hanford site was chosen for this research because there are gaps in understanding
about the use of the land by native people especially in the interior portions of the site. Extensive
surveys have been conducted in and around the Columbia River corridor, presenting a
comprehensive cultural narrative of native land use in these areas. Trail systems throughout the
site have also been documented and cultural resources have been recorded, but these areas have
not been reconstructed to add to the cultural landscape knowledge of the Hanford site. The
purpose of this research is to advance our knowledge of the cultural landscape of the Hanford
site, specifically looking at how pre-contact travel routes may have influenced native people.
Data were collected from a variety of sources. All the data collected is in a digital format.
The following sections will describe how and where the data were collected.
Historic Data
The Government Land Office maps (GLOs) and their associated field notes were
acquired from the Bureau of Land Management website. The GLO maps are a collection of
cadastral surveys that were created during the range of years between the 1860s and 1890s. Each
map is a representation of a specific township and range. Within each map each township and
range are further broken down into sections. Each map consists of thirty-six separate sections.
These maps were hand drawn by three different surveyors between the years of 1863 and 1882.
Surveyors were instructed to use specific symbology to denote various features present on the
physical landscape. Every feature noted on the landscape is recorded on the map. These features
include historic foot trails, roads, mountains, hills, water features and sand dunes. The associated
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GLO surveyor notes confirm the features observed on each map. An example of a GLO map is
shown in Figure 3.

Figure 3. Government Land Office Map (Bureau of Land Management) Example.

21

Archaeological Data

The cultural resources GIS data layer was acquired from the Yakama Nation
Environmental Restoration and Waste Management (ERWM) program. This data is provided to
Yakama Nation yearly but is maintained by the DOE contractor who manages the cultural
resources program.
The master survey GIS layer was acquired as part of the cultural resources layer package,
which is maintained by the DOE contractor who manages the cultural resources program. The
master survey GIS data layer is an aggregate collection of polygons indicating the location and
size of all the documented cultural resource surveys conducted on the Hanford site. These
surveys were completed as partial fulfillment of section 106 or section 110 requirements. The
Hanford site consists of a total of 586 square miles and approximately 185 square miles have
been surveyed.
GIS Data

The trail system GIS layer was not acquired. It was created from the symbology depicted
on the GLO maps. Trails and historic roads were presented as dashed lines throughout the maps.
An independent shapefile was created, and each dashed line was carefully traced on every GLO
map within the study area.
When GLO maps are downloaded from the BLM website, they are received as an image
file. For them to be useful for this type of research, they must be spatially referenced with GIS.
Each map was trimmed in Microsoft paint to isolate just the map portion and saved as an image
file. Trimmed GLO images were then imported into the GIS and geo-referenced to fit into their
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respective township, range section locations. A Public Land Survey System (PLSS) GIS layer
was used to reference each GLO within the study area. A map of the geo-referenced GLOs is
shown in figure 4.

Figure 4. Georeferenced GLO’s.

Cultural Resources GIS Data Layer Classification
The archaeological data were received as a single layer without classifications to
delineate site types (Mission Support Alliance 2016). However, the data did contain information
that could be used to establish site types. Through my literature review, I discovered a
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comprehensive study conducted by Paul S. Solimano and Daniel M. Gilmour that attempts to
model pre-contact land use in the Dalles, Oregon through the analysis of extensive excavations
performed over a period of 100 years. They focused their analysis on three dimensions of huntergather land use: Site function, subsistence, and lithic tool diversity (Solimano and Gilmour
2014). Solimano and Gilmour defined three different site types in their study: Residential, NonResidential and Artifact. See table 2.
Table 2. Site Type Definitions from Solimano and Gilmour
Site Types

Definition

Residential

Evidence for some type of residential feature, such as house pit, is found.
Other non-house features can also be present.

Non-Residential

No evidence for a residential feature, but other types of features such as
hearths, ovens, pits and lenses are found.

Artifact

No evidence for residential or non-residential features, only artifacts.

In addition to these site types, the Hanford archaeological data presents other types of
sites which were also classified. These additional site types are simply classified as the site type
designations they were given when they were originally recorded. The definitions of these site
types are outlined in Tables 3.
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Table 3. Definitions of Additional Site Types
Site Types

Non-Historic

Definition
Areas which have either known, or suspected human remains beneath the
surface.
Areas where there is evidence of fishing activities which include artifacts
related to fishing such as net sinkers and/or hooks.
Sites with features or artifacts of historic origin. These include homesteads
and domestic debris.
Segments of foot trails that may or may not originate during the historic
period.
Sites with contemporary structures or refuse.

Paleontological

Non-human remains which do not appear to be altered by human activity.

Rock Alignment

Collections of rocks which typically appear in linear fashion and are not
necessarily dated specifically to either pre-contact or historic time periods.

Rock Cairn

Collections of rocks typically situated in stacks or distinct piles.

Rock Shelter

An area under a shallow rock overhang which can be used for cover.

Shell Midden

Collections of shells, bones, fire cracked rock and/or lithics.

Burials
Fishing
Historic
Historic Trail

Talus Pit

Unknown

Collections of broken rock piles naturally formed by talus slopes or loose
rocks, usually near the base of a cliff. May be an indication of hunting
activities with the presence of hunting blinds, storage pits and/or
depressions.
Sites lacking sufficient data to be classified in any other category. An
example of this would be a structure in ruin without any defined features to
lend understanding of its function.

Artifact Classification
The artifact site type was further classified based on the characteristics of each artifact. A
simple table was created to document the presence/absence of each artifact type and for each
site/isolate resource. Where multiple artifact types were present, all were marked as present. The
list includes the following artifact types: Biface, projectile points, debitage/flakes, scrapers/flake
tools, hammer stones, cobble tools, fire cracked rock (FCR), cairns and cores. Artifacts were not
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tabulated as part of a site or an isolate, rather they were tabulated as individual observations.
Artifact definitions were collected from two sources: Archaeological Concepts, Technology,
Techniques and Terminology for American Prehistoric Lithic Technology (Hranicky 2004) and
Investigation of the Archaeological Record Landform, Geology, and Vegetation in the Eastern
Saddle Mountains, Grant County, Washington (Woodward 2008). These definitions are outlined
in Table 4.
Table 4. Artifact Type Definitions
Artifact Type

Definition

Core

Stone nodules that have more than three negative flake scars

Hammerstone

A generally rounded cobble that exhibits impacts or use wear
associated with pounding stone on one or more ends

Projectile Point

A bifacially worked flake with a stem and/or hafting element

Bi-Face
Fire Cracked Rock

A flake worked on both the ventral and dorsal sides as evidenced
by multiple flake scars and lacks a stem and/or a hafting element
Any type of rock that has been heat treated and has split as a result.

Cobble Tools

Unmodified cobbles used as hammerstones.

Debitage

Discarded materials from the process of making stone tools

Flake

Exhibits a platform and a bulb of percussion

Scraper
Flake Tool

Unifaced tool used for scraping and cutting.
A uniface tool created from a flake using pressure flaking.

Rock Cairn

A purposely stacked cluster of rocks
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GIS Feature Buffers
To establish whether patterns or relationships exist between site types, artifact types and
travel routes, such as the river or trails exist, 2 km buffers were placed around all documented
trails and the Columbia River. Figure 5 illustrates the Columbia River and trails buffers.

Figure 5. River and Trail Buffers.
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A 2 km buffer was chosen because it is a reasonable travel distance one could make to
access resources or engage in other activities across the landscape. With this rationale, I was able
to calculate site and artifact type frequencies into 4 different spatial categories, which make up
the contingency tables presented in Appendix B.

Statistical Analysis
The original road map of this thesis was to establish whether specific site and artifact
types have a statistically significant relationship to their proximity to travel routes. The way this
can be done is to run the data through chi-square type calculations to establish whether any
relationship exists. There are 2,263 cultural sites across the Hanford landscape and on the outset,
it appeared as though a size this large would be sufficient to use this type of statistical calculation
which would generate meaningful results. Sites and artifact types were tabulated into their
respective type categories and their frequencies were used in the contingency tables based on the
spatial categories previously discussed in this chapter. Where sample sizes were large enough,
the chi-square calculation was used. For categories with small sample sizes, the Fisher’s Exact
calculation was used instead (VanPool and Leonard 2011).
Due to the breakdown of site and artifact types, most of the sample sizes were rather
small and the statistical results were insignificant. However, in reviewing the raw tabular data for
each category, sample sizes are large enough to glean some potential significance if the focus is
shifted to analyzing the spatial density of these sites and artifact types. The results of this focus
shift are discussed in the following chapter.

28

CHAPTER V
RESULTS

This chapter consists of 4 categories of results: 1) survey projects, 2) site and artifact
locations, 3) distribution of relative frequencies of sites and artifact within 2 km trail buffers on
and off the Columbia River, and 4) density comparison of non-residential and residential site
locations by trail buffers on and off the river.
A substantial portion of my research and GIS project involved collecting and formatting
survey project and archaeological site data. A full summary of survey projects and the
integration of survey project data and boundaries has been long overdue. The lack of such
efforts has hampered spatial studies and limited the types of conclusions about site and artifact
distributions along the river and across the Hanford Site landscapes. By integrating survey, site,
and artifact data, along with the location of trail systems, I can characterize sample data, improve
spatial analysis, and recommend future research to improve landscape studies.

Survey Project Data
Archaeological surveys on the Hanford Site are conducted as part of NHPA section 106
regulations that require projects undergo cultural resource reviews for undertakings conducted on
federal lands. Most of these federal undertakings are in support of cleanup activities,
infrastructure upgrades or groundwater monitoring. Archaeological survey boundaries are based
on project need and the area of potential effect is determined in this way. Survey locations
directly correlate to where site cleanup and monitoring activities are concentrated. Appendix A
figure A.6 illustrates survey project locations on the Hanford Site.
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While section 106 is the driving force for most of the archaeological investigations,
occasionally, section 110 surveys are conducted on the site. The focus of section 110 activities is
often limited to previously recorded sites that are at risk of damage due to erosional processes or
public interferences. Most of the routinely monitored sites exist along the river shoreline and/or
islands located within the Columbia River. Figure 6 illustrates the locations of cultural resource
survey polygons and their spatial relationship to the 2 km Columbia River and trails buffers.

Figure 6. Cultural resource surveys conducted on Hanford overlayed on 2 km river and trail
buffers.
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Many areas covered by trail buffers that cross the south and west are of the Hanford Site
are not within survey areas. Careful inspection of blue on green areas indicates that most of the
river corridor has been surveyed; however, some 25 km of possible survey area on the east shore
the river is not included north of Pasco.
There are approximately 73 kilometers of trail segments that parallel the Columbia River
and approximately 106 km of trail segments that intersect the Columbia River. Approximately
177 sq km of 362 sq km of surveyed areas fall within the 2 km buffer from trails and the river.
Only 25 sq km of surveyed areas fall within the 2 km buffer of the river and more than 2 km for
a trail.
Roughly 184 sq km of the 2 km trails buffer that are adjacent to the river (< 2 km) have
not been surveyed. Table 5 presents survey and non-survey areas in kilometers for each of the
river and trail buffer categories. About 670 sq km have not been surveyed away from the river
(> 2 km from river). A significant amount of area has not been surveyed greater than 2 km from
both the river and known trails (392 sq km). This information on where survey is missing
indicates that the sample frame is sufficient to evaluate site and artifact distributions. However,
special consideration must be given to the smaller amount of area where trails follow or intersect
the Columbia River.
My analysis of survey and non-survey areas establishes a baseline for survey data for
areas near the river and near trails. The results (roughly 15% of areas within 2 km of the river
and a trail are not surveyed) suggest to me that the Hanford Site has enough survey coverage to
justify using site and artifact data for locational analysis of river and trail corridors. However,
special consideration must be given to the lack of survey area where trails follow or intersect the
Columbia River. This is especially the case for some 25+ km along the east shore of the river
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above Pasco. A review of DAHP’s WISAARD data indicates records for additional habitation
sites, burial sites as well as artifact sites located in these areas. It is also notable that one
relatively extensive interior area of about sq km (away from the river), that is also not bisected
by trails, has not been surveyed.

Table 5. Survey and Non-Survey Areas by River and Trail Buffer Categories.
Survey Coverage (total 494 sq km)

0-2 km from River
2.1 or more km from
River

0-2 km from Trails

2.1 or more km from Trails

176.9/36%

25/5%

185/37%

107/22%

362
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No Survey Coverage (total 1,246 sq km)

0-2 km from River
2.1 or more km from
River

0-2 km from Trails

2.1 or more km from Trails

183.8/15%

32/2.5%

670/54%

360/29%

854
392
*Note: These data show that roughly 50% of the Hanford Site has been surveyed. Areas close to
river but away from trials have the most limited area (only 57 sq km). Some 25 sq km of 57 sq
km have been surveyed.
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Site and Artifact Location Data
To define proximity of sites to the river and trails, two sets of buffers were placed around
the trails and the river. Site types and artifact types were counted within each type of buffer, 0-2
km and 2.1 km or further. The frequencies of each category were input into contingency tables.
Figure 4 illustrates the trails, river, and 2 km buffers around each of them. An example of this
map with the site type locations added can be found in Appendix A. It should be noted there are
trails on the northeast and east sides of the Columbia River. They were not included because they
fall outside the Hanford boundary. The lack of trail and archaeological data in these areas could
bias my analysis if substantial data exists within the Columbia River buffer, but also within
excluded trail corridors. Additionally, the area within White Bluffs to the north of the Columbia
is devoid of documented trails. This is likely due to terrain. The area within central Hanford in
the western portion without trails is also due to the presence of a bedrock outcropping.

Site and Artifact Groupings
In the following subsections, the results of analysis for each site and artifact type are
described. It should be noted that the residential and non-residential site types are grouped
together. Certain artifact types have also been grouped together. Artifacts are grouped together
based on their similar or same function or use. For each result subsection, the analysis emphasis
is on the associated percentages of sites and artifact types within the various buffer categories.
Given how the results are presented, this seemed to be the appropriate way to interpret the
results.
Talus Pits. There are a total of 8 Talus Pit sites observed in surveyed areas (Appendix B
Table 1). The data indicate most Talus Pit sites, approximately 88% are located within 2 km of a
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river or a trail. There are a total of 3 Talus Pit sites observed in non-surveyed areas and all these
sites were observed within 2 km of just the river. The site type is rare, evenly distributed and not
definitively associated with travel routes.
Non-residential Sites. There are a total of 12 Non-Resident site types observed in
surveyed areas (Appendix B Table 2. Half of the total sites were observed within 2 km of both
the river and a trail, 33% were observed within 2 km of just a trail and just 16% were observed
within 2 km of just the river. The data indicates this type of site are strongly associated with
areas with river and trails. Only 4 Non-Resident sites are recorded in non-surveyed areas, four
are located within 2 km of both the river and a trail.
Residential Sites. There are a total of 17 Residential sites observed within the surveyed
area (Appendix B Table 3). Of these 17 sites, 82% of the sites were observed within 2 km of
both the river and a trail. The data indicates there is an association between the residential sites
and sections of the river with trails. There are an additional 14 Residential sites observed in
non-surveyed areas. Of these 14, approximately 79% of them were observed within 2 km of both
the river and a trail.
Rock Cairns. A total of 74 rock cairns sites were observed within the surveyed area
(Appendix B Table 4). Of these 74 sites, approximately 38% of them were observed within 2 km
of both the river and a trail. Approximately 42% were observed within 2 km of a trail away from
the river. The data indicates there is an association between these sites and their proximity to a
trail. Another 30 Rock Cairn sites are observed in non-surveyed areas; 12 are observed within 2
km of just the river and it is interesting to note that 18 are located further than 2 km from both
the river and a trail.
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Artifact Type Locations
Several types of artifacts are associated with non-residential and residential sites. The
relative frequency of these artifact types (or sites with these types) may also help determine the
importance of river and trail routes for specific sets of activities. For example, projectile
points/bifaces near the river may be more indicative of residential activities such as tool making,
repair or storage of tools while these types of artifacts found away from the river and near a trail
may indicate hunting grounds. Similarly, regarding the debitage/flakes artifact type, if found
near the river, they may indicate residential tool repair and maintenance. On the other hand, these
types of artifacts, if found away from the river or a trail may indicate a quarry site and/or tool
making.
Projectile Points/Bifaces. There are a total of 95 Projectile Point and/or Biface artifacts
observed in surveyed areas (Appendix B Table 9). Of these 95, approximately 39% of them were
observed within 2 km of both the river and a trail. Approximately 11.5% of them were observed
within 2 km of just the river, 42% were observed within 2 km of just a trail and approximately
7% were observed further than 2 km from both the river and a trail. The data indicates a strong
association between this artifact type and their proximity to a travel route, including trails away
from the river. Thirty projectile points and/or bifaces in non-survey areas are also evenly split
between areas with trails near and away from the river.
Hammerstones/Cores. A total of 50 sites with Hammerstone and/or Core artifacts are
observed in surveyed areas. (Appendix B Table 10). Of these 50, forty-four percent were
observed within 2 km of both the river and a trail, 40% were observed within 2 km of a trail
away from the river. As with sites that have points and bifaces, these data indicate a strong
association between these types of artifacts and their proximity to travel route including trails
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away from the river. Some 5 of 8 sites with these artifact types in non-survey areas are located
near trails away from the river.
Debitage/Flakes. Some 457 sites with Debitage and Flake artifacts are observed in
surveyed areas (Appendix B Table 11). Of these 457, approximately 20.6% were observed
within 2 km of both the river and a trail. Approximately 63.9% were observed within 2 km of
just a trail away from the river. These data indicate a strong association between these artifact
types and their proximity to a traditional a travel route, especially a site near a trail and away
from the river. It is also noteworthy that 60 of the 103 sites with Debitage and/or Flake artifacts
observed in non-surveyed areas are near a trail and away from the river (Appendix B Table 18).

Fire Cracked Rock (FCR)/Cobble Tools. There is a total of 112 sites with FCR and/or
Cobble Tool artifacts observed in surveyed areas. Of these 112, approximately 69% of them
were observed within 2 km of both the river and a trail. Approximately 21% were observed
within 2 km of just a trail away from the river. These data indicate there is a strong association
between these artifact types and their proximity to the river and trail. Remarkably 41 of 49 sites
with these artifacts from non-survey areas are near the river and a trail (Appendix B Table 17).

Scrapers/Flake Tools. Only 13 sites have Scraper and/or Flake Tool artifacts observed
within the surveyed area (Appendix B Table 13). Another 6 of 8 sites with these artifact types
are located near the river and a trail. Although the sample size is small there is a tendency for
these tool types to be located near the river and a trail.
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Statistical Analysis
Fisher’s Exact tests are used to determine the significance of differences in the relative
number of site types and artifact types by the four categories of trail and river proximity. The
Debitage and Flakes category in surveyed areas consisted of frequency values higher than what
is appropriate for the Fisher’s Exact calculation (VanPool and Leonard 2011). For this table, the
Chi-Square calculation was used with a .05 significance level. Fisher’s Exact calculation was
performed on each of the other contingency tables and each calculation was calculated at a .05
significance level.
Tables 6-9 summarize data for categories of sites and artifacts by buffer areas for which
sufficient samples sizes exist. Raw data for these categories are found in the tables in Appendix
B. The tables also include sq km of survey area by category. Because site density is related to
answering my research question, I will calculate site counts by square km, including the buffer.
Appendix B Tables 21-24 present the statistical outcomes for each of the site types and
artifact types within survey areas and non-survey areas. Due to sample size, test for differences
in the frequency of site types and artifact types did not typically support any statistically
significant differences between river and trail categories. Test results for the Rock Cairn site type
indicate there is an association between the rock cairns and their proximity to trails away from
the river. Debitage and Flakes artifact type Chi-Square tests suggest an association of debitage
and flakes with trail segments away from the river.
Tabular and Graphic Analysis
Site Density vs. Relative Frequency. Relative frequency is the number of times a specific
site or artifact type is observed (in a survey or non-survey area) within 2 km of the river and/or
trails or further away than 2 km of river and/or trails regardless of the total amount of buffers
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covering river and trail frequency. To account for the amounts of buffer areas near and away
from rivers and trails it is necessary to calculate the density of site types and artifact site types
per square mile.

Residential/Non-Residential Sites (Appendix Figure A.5). Table 6 combines nonresidential and residential site types and adds sites from non-survey areas. Still the frequencies
are low, and no sites exist for areas away from the river and trails. Table 6 shows .29 Nonresidential sites combined with Residential sites per sq km of buffer area near the river and away
from trails, and .19 sites per sq km for areas near the river and near trails. The highest densities
(.28 per sq. km) are found with the limited area (57sq. km) of the river without intersecting trails.
The distribution of these sites is shown in Figure A.5 in Appendix A.

Table 6. Contingency Table for Non-Resident Combined with Residential Sites.
Number of Non-Resident and Resident Sites in Survey and Non-Survey
0-2 km from Trails 2.1 or more km from Trails
Total
0-2 km from river
2.1 or more km
from river

34/177=.19
6/185=.03

7/25=.28
0
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Residential and non-residential sites represent habitational activities such as seasonal
living and activities associated with cooking and food procurement. Unlike some of the other site
types discussed here, villages along the river have been well documented through time (Rice
1973). However, while there is much data for the river corridor, additional work needs to be
done to follow up on earlier surveys. It should also be noted that the river buffer includes the east
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bank of the Columbia which Hanford data does not include. There is a high likelihood that
additional sites of this type exist along the un-surveyed portions of the river.

Rock Cairn Sites (Appendix Figure A.4). Table 7 shows .16 Rock Cairn sites per sq km
within 2 km of the river and trails and .17 Rock Cairn sites within 2 km of trails but more than
2.1km from the river. However, .13 sites per sq km also occur away from the river and known
trail segments. There appear to be three areas with Carin features (see Figure A.4 in Appendix
A). One area, (2 km from the river with trails) is on the south side of the river horn where
features are built with cobble on high bluff like river terrace. Two other interior areas with cairns
are near bedrock outcroppings, on or near trails and the other is away from trails. Roughly equal
densities of rock cairns are found in these areas except in areas away from the river and known
trails.
Table 7. Contingency Table for Rock Cairn Sites.
Rock Cairns in Surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

28/177=.16

1/25=.04

31/185=.17

14/107=.13

Total

74

Projectile Points and Bifaces (Appendix Figure A.7). Table 8 shows .21 projectile points
and/or bifaces per sq km with Projectile Points and Bifaces near trails in areas within 2 km of the
river and .22 sites per sq km in areas with trails that are more than 2 km of the river. However,
there are .44 sites per sq km of this type in areas near the river and away from trails.
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Points/Bifaces which are typically associated with Residential sites are found in highest density
along sections of the river without known trails but are also found in areas near trails both
adjacent to the river and away from the river.

Table 8. Contingency Table for Projectile Points & Bi-Faces.

0-2 km from
river
2.1 or more km
from river

Projectile Points & Bi-Faces in Surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
37/177=.21
11/25=.44
40/185=.22

Total

7/107=.007
95

The data suggests a strong association with these types of artifacts and their proximity to
the river and trails. As previously discussed, the river shoreline is where the known village sites
are located. It seems logical that these types of artifacts would be found along the shoreline as
tools could be crafted in this setting, but also simply exist there since people lived there and
naturally their tools would be discarded there as well.

Debitage/Flakes (Appendix Figure A.8). Table 9 shows .53 sites with Debitage/Flakes
near the river and a trail, but 1.6 per sq km in areas with a trail and away from the river. Some
.38 sites per sq km are found in areas away from the river and trails.
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Table 9. Contingency Table for Debitage & Flakes.
Debitage and Flakes in Surveyed areas in Surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from river
94/177=.53
30/25=1.2
2.1 or more km
292/185=1.6
41/107=.38
from river

Total

457

The highest concentration (1.6 per square kilometer) is observed in areas close to a trail
but away from the river. The second highest concentration (1.2 per sq km) is observed within 2
km of the river but away from a trail. Trails were most likely used as routes to access lithic
resources and hunting/gathering grounds. However, the river corridor is where the highest
concentrations of residential/non-residential sites exist. Debitage/Flake site density varies in
most expectations. These patterns are discussed in the text and may involve survey strategies and
criteria for site definition.
The presence of debitage/flakes indicate the crafting, use, or retouching of tools. It is a
logical assumption that hunting/gathering and tool making activities would take place within 2
km of a trail or even further away and that the activities associated with debitage/flakes would
also occur in these areas. But it is also likely that the habitation sites along the river would also
be areas where tools would be crafted, used, or retouched.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
GIS database management and analysis can be valuable for evaluating distributions of
cultural resources and the relationship people have to their environment; however, results are
only as good as the framing spatial data and the assumptions used to interpret spatial patterns.
In this study, GIS was used to generate quantitative data for survey coverage and for
tabulating site and artifact type frequencies within the defined buffer area (river and trail
corridors). The total survey coverage calculation resulted in little more than a quarter of the
entire site area. Out of all the statistical comparisons, only rock cairn site type and
debitage/flakes artifact tests indicated a non-random distribution.
Due to low site and artifact type frequencies statistical analysis did not prove to be
fruitful; however, differences can be recognized in the tabulated site and artifact type densities
across the Hanford Site. Also, rather than only looking at the relative frequencies, calculating
site density shows concentrations of site and artifact types per square kilometer. Looking at the
data in this way gives us a much better idea of both the extensive and intensive use of the land
both near the Columbia River and trails and away from them.

Review of Research Questions
1) How can the archaeological record advance our knowledge of the pre-contact cultural
land use at Hanford? Can survey, site and artifact data of the Hanford Site be
organized and analyzed using GIS?
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Answer: Yes, to both questions. Using GIS, I was able to organize large amounts of
survey project data, along with site and artifact data, for comparison with documented travel
routes to begin to understand land use patterns across Hanford.
2) Where are specific site types and artifact types located in relation to documented
travel routes along the river and across trails on the Hanford Site?
The Residential/Non-Residential site type category consists of 47 sites. Of these 47, 34
of them have been observed within 2 km of the Columbia River and 7 have been observed within
2 km of just the river. Only 6 sites are within 2 km of a trail away from the river. Based on prior
survey coverage and research, we expect to see these frequencies for these types of sites in this
area. The Residential and Non-Residential combined site types show .29 sites per sq km of
buffer area near the river and away from trails, and .19 sites per sq km for areas near the river
and near trails. It should be noted that a review of documented surveys from the DAHP
WISAARD database indicate additional surveys conducted along the eastern shoreline of the
Columbia River within the 2 km buffer. Categorization of the documented sites would need to be
performed to assess whether this additional data would affect site density calculations for the site
types analyzed in this research.
The Rock Cairn site type consists of 74 sites. Of these 74, 28 are within 2 km of both the
Columbia River and a trail, 31 are within 2 km of an inland trail, and 14 are further than 2 km
away from both the river and an inland trail. The 14 sites away from the river and trail and that
are associated with bedrock outcroppings that may have undocumented trails within them. The
Rock Cairn site type density shows .16 Rock Cairn sites per sq km within 2 km of the river and
trails and .17 Rock Cairn sites within 2 km of trails but more than 2.1km from the river.
However, .13 sites per sq km also occur away from the river and known trail segments. The
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cluster of sites closest to the river are constructed of cobble and it is possible they are burials.
The clusters in the interior are constructed of bedrock. Both clusters located in the interior of the
site are in culturally significant areas. These clusters may in fact be associated with vision quests.
The Projectile Point/Biface artifact category consists of 95 observations. Of these 95, 37
are within 2 km of both the Columbia River and a trail and 40 are within 2 km of an inland trail.
The density of sites within 2 km of the river and trails (.21 per sq km) and trails away from the
river (.22 per sq km) suggests that, both the river and trails were important for hunting and
processing activities.
The Debitage/Flakes category represents the largest sample size out of all the artifact
categories examined in this thesis. It consists of 457 observations. The largest concentration of
these artifacts is observed within 2 km of a trail (river and/or inland). The next highest
concentration is observed within 2 km of the Columbia River and within 2 km of a trail. The
Debitage/Flake artifact type shows .53 sites per sq. km near the river and the trail, 1.2 per sq km
is observed within 2 km of the river but away from a trail, and 1.6 per sq km in areas with a trail
and away from the river. Some .38 sites per sq km are found in areas away from the river and
trails. The dense clusters shown in Figure A.8 of Appendix A, may be the result of larger site(s)
broken down into smaller sites; decisions made by the cultural resource professionals conducting
the survey(s). The clustered areas suggest that lithic resources or hunting and gathering areas are
likely in close proximity.
3) Is there a non-random spatial relationship between site types and artifact types and
their proximity to historic travel routes on the river and across trails? For the two categories of
site types and two categories of artifact types (Residential/Non-Residential, Rock Cairns,
Projectile Points/Bifaces, and Debitage/Flakes), the data indicates that there is an association
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with historic travel routes on the river and across trails. However, biases in recorded survey
project areas leave room for doubt. More survey must be completed along the river corridor and
old surveys need to be revisited and updated. There are completed surveys on the east side of the
Columbia River that were not included in this study because their locations fell outside the
boundary of the Hanford Site. However, some of these surveys do fall within the 2 km buffer
placed around the river. These sites have the potential to modify site density and affect the
results of future analyses.
Recommendations
1) How can the archaeological record advance our knowledge of the pre-contact cultural
land use at Hanford? Can survey, site, and artifact data of the Hanford Site be organized
and analyzed using GIS?
Evaluating the archaeological record in combination with travel route data and buffers
allowed for general inferences to be made about how the landscape was used by Native
Americans. The best way we can add further understanding to past use of this landscape is by
conducting more surveys across the site as only roughly 28% of the Hanford site has been
surveyed.
The methods and techniques used in this thesis were effective in identifying site and artifact
type locations in relation to the Columbia River and the trail system. It was beyond the scope of
this research to take a deep dive into looking at the combinations of artifacts observed in the
artifact site type. Because I used a presence/absence table to tabulate artifact types, there were
many sites that included more than one type of artifact. Future research could focus on the
artifact site type and analyze artifact types found within the same site.
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Another line of investigation could focus on the rock cairn site type. The locations of these
sites near the river and trails are likely due to their proximity to bedrock outcroppings. However,
it was also beyond the scope of this thesis to identify and map bedrock outcroppings throughout
the Hanford landscape and it could be interesting to look at rock cairn locations in relation to
these landscape features.
Archaeological surveys on Hanford are triggered by the Section 106 process. It is not likely
that substantial portions of the site will ever have official surveys conducted on them unless
future projects necessitate Section 106 reviews.
Section 110 surveys present another option. Department of Energy (DOE) conducts a
minimal amount of section 110 survey and monitoring. Their current section 110 program is
limited to previously recorded sites at risk of damage due to natural or human caused processes.
DOE consults with affected tribes monthly through a tribal working group meeting as well as
with written documentation on a project-by-project basis. Section 110 has been a frequent topic
within the working group. The current argument for not expanding the section 110 program is
based on funding. However, tribes have stressed the importance of expanding the program based
on their traditional knowledge of the area and the resources that are important to them.
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APPENDIX A
EXAMPLE ARCHAEOLOGICAL SITE LOCATION MAPS
(Not for electronic distribution. Please Contact Luciana R Chester at Yakama Nation ERWM
Program).

The maps in this appendix have been redacted from this manuscript due to confidentiality
requirements. Instead, maps have been described in the following paragraphs:

Figure A.1 Artifact locations in relation to the river and trails.
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This map shows clusters of sites with artifacts along most of the south and west shores of the
Columbia River, and on the horn of the Yakima River in the south. Three clusters of sites are
shown within trail buffers inside the west periphery of the Hanford Site. No site location
information is included for 25 km along the east shore of the river above Pasco.

Figure A.2 Residential site locations in relation to the river and trails.

Residential site locations in relation to the river and trail buffers. This map shows six
clusters of sites on the south/west shore of the Columbia River, and one site on the Yakima River
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horn. Each of these clusters/locations are intersected by two or three trail buffers. No site
location information is included for 25 km along the east shore of the river above Pasco.

Figure A.3 Rock Cairn site locations in relation to the river and trails.

Rock Carin site locations in relationship to river and trail buffers. This map shows three
clusters of Carin sites. One cluster falls within overlapping river and trail buffer above a cluster
of residential sites. One cluster occurs away from the river within a trail buffer. One cluster has
been recorded in an area away from the river, that lacks know trial locations. No site location
information is included for 25 km along the east shore of the river above Pasco.
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Figure A.4 Projectile Point/Biface locations.

Projectile Point/Biface locations with river and trail buffers. This amp shows that
clusters of Point/Biface locations match clusters of Residential sites, but many of these artifacts
are also dispersed away from the river in northern and western portions of the sites. Trail buffers
in the south and east of the Hanford site appear devoid of Point/Biface artifacts. Some of this
area is covered by survey, so lack of survey may not explain the absence of sites. No site location
information is included for 25 km along the east shore of the river above Pasco.
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Figure A.5 Debitage/Flake locations with river and trail buffers. (These locations largely follow
the pattern of artifact locations).

Artifact locations in relation to river and trail buffers. This map shows clusters of sites
with artifacts along most of the south and west shores of the Columbia River, and on the horn of
the Yakima River in the south. Three clusters of sites are shown within trail buffers inside the
west periphery of the Hanford Site. However, unlike with artifact locations, and like the
Point/Biface map, the south and east portion of the Hanford Site is devoid of debitage/flakes. No
site location information is included for 25 km along the east shore of the river above Pasco.
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APPENDIX B
SITE and ARTIFACT TYPE TABLES

Site Types in Surveyed Areas
Table B.1 Contingency Table for Talus Pits.
Number of Talus Pits in Surveyed areas

0-2 km from
river
2.1 or more km
from river

0-2 km from Trails

2.1 or more km from Trails

0

3

4

1

Site Total

8
There are a total of 8 Talus Pit sites observed in surveyed areas. Of these 8 sites, none
were observed within 2 km of the river and a trail, 50% of them were observed within 2 km of
just a trail, 38% of them were observed within 2 km of the river and only 12.5 of them were
observed more than 2 km away from the river and a trail. The data indicates most Talus Pit sites,
approximately 88% of these sites are located within 2 km of a feature associated with traditional
travel routes.
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Table B. 2 Contingency Table for Non-Resident.
Number of Non-Resident in Surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from river
2.1 or more km
from river

6
4

Site Total

2
0
12

There are a total of 12 Non-Resident site types observed in surveyed areas. Of these 12
sites, none were observed further than 2 km from both the river and a trail. Half of the total sites
were observed within 2 km of both the river and a trail, 33% were observed within 2 km of just a
trail and just 16% were observed within 2 km of just the river. The data indicates these types of
sites are mostly situated within 2 km of a feature associated with traditional travel routes.

Table B.3 Contingency Table for Residential.
Number of Residential in Surveyed areas
0-2 km from Trails
2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

14

3

0

0

Site Total

17
There are a total of 17 Residential site types observed within the surveyed area. Of these
17 sites, 82% of the sites were observed within 2 km of both the river and a trail and
approximately 18% of the sites were observed within 2 km of just the river. The data indicates
there is a strong association between these types of sites and the river.
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Table B.4 Contingency Table for Rock Cairns.
Number of Rock Cairns in Surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

28

1

31

14

Site Total

74
There is a total of 74 rock cairn site types observed within the surveyed area. Of these 74
sites, approximately 38% of them were observed within 2 km of both the river and a trail.
Approximately 42% were observed within 2 km of just a trail, 1% was observed within 2 km of
just the river and approximately 19% were observed further than 2 km from both the river and a
trail. The data indicates there is a strong association between these sites and their proximity to a
trail.
Site Types in Non-surveyed Areas

Table B.5 Contingency Table for Talus Pits.
Number of Talus Pits in Non-surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

0

3

0

0

Site Total

3
There are a total of 3 Talus Pit sites observed in non-surveyed areas. All these sites were
observed within 2 km of just the river.
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Table B.6 Contingency Table for Non-Resident Sites.
Number of Non-Resident in Non-surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

3

0

1

0

Site Total

4
There are a total of 4 Non-Resident sites observed in non-surveyed areas. Out of 4, 75%
of them were observed within 2 km of both the river and a trail. Twenty-five percent were
observed within 2 km of just a trail. The data indicates there is strong association between this
site type and their proximity to a feature associated with traditional travel routes.

Table B.7 Contingency Table for Residential Sites.
Number of Residential in Non-surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

11

2

1

0

Site Total

14
There are a total of 14 Residential sites observed in non-surveyed areas. Of these 14,
approximately 79% of them were observed within 2 km of both the river and a trail, 14% were
observed within 2 km of just the river and 7% of them were observed within 2 km of just a trail.
The data indicates there is a strong association with this site type and their proximity to features
associated with traditional travel routes.
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Table B.8 Contingency Table for Rock Cairns.
Number of Rock Cairns in Non-surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

0

12

0

18

Site Total

30
There are a total of 30 Rock Cairn sites observed in non-surveyed areas. Of these 30,
40% of them were observed within 2 km of just the river and 60% were observed further than 2
km from both the river and a trail. The data indicates a split between their association with
traditional travel routes. Whereas slightly less than half are associated with a travel route while
just over half are not at all associated with a travel route.

Artifact Types in Surveyed Areas

Table B.9 Contingency Table for Projectile Points and Bifaces.
Number of Projectile Points & Bi-Faces in Surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

37

11

40

7

Artifact
Total

95
There are a total of 95 Projectile Point and/or Bi-Face artifacts observed in surveyed
areas. Of these 95, approximately 39% of them were observed within 2 km of both the river and
a trail. Approximately 11.5% of them were observed within 2 km of just the river, 42% were
observed within 2 km of just a trail and approximately 7% were observed further than 2 km from
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both the river and a trail. The data indicates a strong association between this artifact type and
their proximity to a traditional trade route, with the strongest association with a trail which is
approximately 81% of the site total.

Table B.10 Contingency Table for Hammerstones & Cores.
Number of Hammerstones & Cores in Surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

22

7

20

1

Artifact
Total

50
There is a total of 50 Hammerstone and/or Core artifacts observed in surveyed areas. Of
these 50, forty-four percent were observed within 2 km of both the river and a trail, 40% were
observed within 2 km of just a trail, 14% were observed within 2 km of just the river and just 2%
were observed further than 2 km from both the river and a trail. The data indicates there is a
strong association between these types of artifacts and their proximity to a traditional travel route
with the strongest association with a trail which is 84% of the site total.

Table B.11 Contingency Table for Debitage & Flakes.
Number of Debitage and Flakes in Surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from river
2.1 or more km
from river

94
292

Artifact
Total

30
41
457
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There is a total of 457 Debitage and Flake artifacts observed in surveyed areas. Of these
457, approximately 20.6% were observed within 2 km of both the river and a trail.
Approximately 63.9% were observed within 2 km of just a trail, approximately 6.5% were
observed within 2 km of just the river and approximately 9% were observed further than 2 km
from the river and any trail. The data indicates a strong association between these artifact types
and their proximity to a traditional trade route, with the strongest association with a trail which is
approximately 84% of the site total.

Table B.12 Contingency Table for Fire Cracked Rock (FCR) & Cobble Tools.
Number of FCR and Cobble Tools in Surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

77

9

23

3

Artifact
Total

112

There is a total of 112 FCR and/or Cobble Tool artifacts observed in surveyed areas. Of
these 112, approximately 69% of them were observed within 2 km of both the river and a trail.
Approximately 21% were observed within 2 km of just a trail, 8% were observed within 2 km of
just the river and approximately 3% were observed further than 2 km from both the river and the
trail. The data indicates there is a strong association between these artifact types and their
proximity to both the river and trail.
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Table B.13 Contingency Table for Scrapers & Flake Tools.
Number of Scrapers and Flake Tools in Surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

6

2

3

2

Artifact
Total

13

There is a total of 13 Scraper and/or Flake Tool artifacts observed within the surveyed
area. Of these 13, about half were observed within 2 km of both the river and the trail.
Approximately 15% were observed within 2 km of just the river, 23% were observed within 2
km of just a trail and 15% were observed further than 2 km from both the river and a trail. The
data indicates there could be an association between this artifact type and their proximity to
traditional travel routes. However, the other artifacts are almost even split amongst the other
three categories which seems to indicate a more random distribution.

Table B.14 Contingency Table for Rock Cairns.
Number of Cairns in Surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

1

0

0

0

Artifact
Total

1

There is a total of 1 Rock Cairn artifact observed in the surveyed area. It was observed within 2
km of both the river and a trail. Since the sample is so small, it cannot be determined how strong
the association may be between this artifact type and its proximity to traditional travel routes.
Artifact Types in Non-surveyed Areas
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Table B.15 Contingency Table for Projectile Points & Bi-Faces.
Number of Projectile Points & Bi-Faces in Non-surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
Artifact
Total
0-2 km from
13
1
river
2.1 or more km
14
2
from river
30

There are a total of 30 Projectile Point and/or Bi-Face artifacts observed in non-surveyed
areas. Of the 30, 43% were observed within 2 km of both the river and a trail. Approximately
47% were observed within 2 km of just a trail, approximately 3% were observed within 2 km of
just the river and approximately 7% were observed further than 2 km from both the river and a
trail. The data indicates a strong association between these types of artifacts and their proximity
to traditional travel routes. Approximately 90% of the artifacts can be associated with trails.

Table B.16 Contingency Table for Hammerstones & Cores
Number of Hammerstones and Cores in Non-surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
Artifact
Total
0-2 km from
1
1
river
2.1 or more km
5
1
from river
8

There is a total of 8 Hammerstone and/or Core artifacts observed in non-surveyed areas.
Of these 8, 12% were observed within 2 km of both the river and a trail, 12% were observed
within 2 km of just the river, 12% were observed further than 2 km from both the river and a trail
and almost 63% were observed within 2 km of just a trail. The data indicates there is a
reasonable association between these types of artifacts and their proximity to trails. However,
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there is an even distribution of the other 3 artifacts spread between the other three categories
which may indicate a degree of randomness to the sites.

Table B.17 Contingency Table for Fire Cracked Rock (FCR) & Cobble Tools.
Number of FCR and Cobble Tools in Non-surveyed areas
0-2 km from Trails 2.1 or more km from Trails
0-2 km from
river
2.1 or more km
from river

41

3

3

2

Artifact
Total

49

There is a total of 49 FCR and/or Cobble Tool artifacts observed in non-surveyed areas.
Of these 49, approximately 84% were observed within 2 km of both the river and a trail.
Approximately 6% were observed within 2 km of just the river, 6% were observed within 2 km
of just a trail and just 4% were observed further than 2 km from both the river and a trail. The
data indicates overwhelmingly there is a strong association between these types of artifacts and
their proximity to both the river and a trail which is approximately 90% of the artifact total.

Table B.18 Contingency Table for Debitage & Flakes.

0-2 km from
river
2.1 or more km
from river

Number of Debitage and Flakes in Non-surveyed Areas
0-2 km from Trails 2.1 or more km from Trails
Artifact Total
13
8
60

22
103

There is a total of 103 Debitage and/or Flake artifacts observed in non-surveyed areas. Of
these 103, approximately 13% of these were observed within 2 km of both the river and a trail,
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58% were observed within 2 km of just a trail, approximately 8% were observed within 2 km of
just the river and 21% were observed further than 2 km from both the river and a trail.

Table B.19 Contingency Table for Scrapers & Flake Tools.
Number of Scrapers and Flake Tools in Non-surveyed areas
0-2 km from Trails 2.1 or more km from Trails
Artifact Total
0-2 km from
6
0
river
2.1 or more km
2
0
from river
8

There are a total of Scraper and/or Flake Tool artifacts observed in non-surveyed areas.
Out of 8, 75% of the artifacts were observed within 2 km of both the river and a trail and 25% of
the artifacts were within 2 km of just a trail. The data indicates there is a strong association
between these types of artifacts and their proximity to trails.

Table B.20 Contingency Table for Cairns.

0-2 km from
river
2.1 or more km
from river

Number of Cairns in Non-surveyed areas
0-2 km from Trails
2.1 or more km from Trails
1
1
1

Artifact Total

0
3

There are a total of 3 Cairn artifacts observed in non-surveyed areas. These 3 artifacts are
evenly distributed between three categories. Thirty-three percent were observed within 2 km of
both the river and a trail, 33% within 2 km of just the river and 33% within 2 km from just the
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river. The data indicates that the even distribution of artifacts amongst the three categories may
be random as there is no strong association with any one category.

Table B.21 Site Type Statistical Results for Surveyed Areas
Site Types in Surveyed Areas
Talus Pits
Non-Resident
Residential
Rock Cairns

Statistical Value
0.1429
0.5152
1
0.0033

Significance at .05
Not Significant
Not Significant
Not Significant
Significant

Table B.22 Site Type Statistical Results for Non-surveyed Areas
Site Types in Non-surveyed Areas
Talus Pits
Non-Resident
Residential
Rock Cairns

Statistical Value
1
1
1
1

Significance at .05
Not Significant
Not Significant
Not Significant
Not Significant

Table B.23 Artifact Type Statistical Results for Surveyed Areas
Artifact Type in Surveyed Areas
Projectile Points & Bi-Faces
Hammerstones and Cores
FCR and Cobble Tools
Debitage and Flakes
Scrapers and Flake Tools
Cairns

Statistical Value
0.4335
0.1167
1
0.001823
0.6084
1

Significance at .05
Not Significant
Not Significant
Not Significant
Significant
Not Significant
Not Significant

Table B.24 Artifact Type Statistical Results for Non-surveyed Areas
Artifact Type in Non-surveyed
Areas
Projectile Points & Bi-Faces
Hammerstones and Cores
FCR and Cobble Tools
Debitage and Flakes
Scrapers and Flake Tools
Cairns

Statistical Value
1
0.4643
0.0745
0.4194
1
1
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Significance at .05
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant
Not Significant

